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CLAIMS 

WHAT IS CLAIMED IS: 

1 LA method for scrubbing sulfur dioxide from a flueygas stream, the flue gas 

2 stream having an initial sulfur dioxide concentration, comprisingihe following steps: 

3 contacting the flue gas stream with a plurality of aqueous ammonia liquor 

4 streams; and / 

5 forming o scrubber product stream, th& scrubber produa stream comprising 

6 ammonium bisulfite and ammonium sulfite. / 

1 2. The method of claim 1, wherein the aqueous ammonia hquor stream 

2 comprises water and ammonia. / 

1 3. The method as described in claim 1, wherein each of the aqueous ammonia 

2 liquor streams has a pH of between 5.0 and 6.0. 

1 4. The method as described in claim 3, wherein each of the aqueous ammonia 

2 liquor streams has a pH of betwB^ho.4 and 5.8. 

1 5. The method of Vlaimjl, wherein contacting the flue gas stream with N 

2 number of aqueous ammoniat liqupr streams is accomplished through the use of liquid 

3 distributors. / 

1 6. The memod of claim 5, wherein the liquid distributors are nozzles. 

1 7. The moQiod as described in claim 1, wherein the total dissolved solids of the 

2 scrubber product stream are about 50 to about 90% ammonium bisulfite, by weight. 

1 8. The method as described in claim 1, wherein the total dissolved solids of the 

2 scrubber product stream are about 5 to about 45% sulfite, by weight. 
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1 9. The method as described in claim 1, further compiising after contacting the 

2 flue gas stream with a pluraUty of aqueous ammonia liquor streams: 

3 producing a flue gas effluent stream, the flue/gas effluent stream having a 

4 final sulfur dioxide concentration. / 

1 10. The method as described in claim 9, wherein the flue gas effluent stream has 

2 a final sulfiir dioxide concentration of less than 100 ppm by weight. 

1 11. The method as described in claim 9/ wherein the flue gas effluent stream has 

2 a final sulfur dioxide concentration of less thm 1% of the flue gas initial sulfur dioxide 

3 concentration. / 

1 12. A method for scrubbing sulfur dioxide fi-om a flue gas stream within a 

2 multistage scrubber with n number opjt^ges, wherein N > 1 and fiuther wherein n is an 

3 integer counter of stages having a valjmbetween 1 and N-l(l, 2, 3 . . . N-1), the flue gas 

4 stream having an initial sulfur concentration comprising: 

5 forming each of tne n numbered aqueous ammonia liquor streams by 

6 combining a water stream, an ammonia stream, a drain portion of a scrubber stage n+1 

7 removal stream, and a recycleyportion of the scmbber stage n removal stream, wherein each 

8 of the drain and recycle poctions of each of the scrubber stage removal streams may range 

9 fi*om 0 - 100% of the tota/of each of the scrubber stage removal streams. 

10 forming/the Nth aqueous ammonia liquor stream by combining a water 

1 1 stream, an ammonia stream, and a scrubber stage removal stream. 

12 contacting the flue gas stream with each of the N nimiber of aqueous 

1 3 ammonia liquor streams; and 
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14 forming a scrubber product stream, the scrubber procmct stream comprising 

1 5 ammonium sulfite and ammonium bisulfite. / 

1 13. The method as described in claim 12, wherein earch of the aqueous ammonia 

2 liquor streams has a pH of between 5.0 and 6.0. / 

1 14. The method as described in claim 13, whecein each of the aqueous ammonia 

2 liquor streams has a pH of between 5.4 and 5.8. / 

1 15. The method of claim 12, wherein contacting the flue gas stream with N 

2 number of aqueous ammonia liquor stream^Tls/accomplished through the use of hquid 

3 distributors. Jy. 

1 16. The method of claim 15, wh^ein the liquid distributors are nozzles. 

1 17. The method as described in claim 12, wherein the total dissolved solids of 

2 the scrubber product stream are about SD to about 90% ammonium bisulfite, by weight. 

1 18. The method as described in claim 12, wherein the total dissolved sohds of 

2 the scrubber product stream are about 5 to about 45% sulfite, by weight. 

1 19. The method as described in claim 12, further comprising after contacting the 

2 flue gas stream with N numb/r of aqueous ammonia liquor streams: 

3 producing a flue gas effluent stream, the flue gas effluent stream having a 

4 final sulfiir dioxide concentration. 

1 20. The n/ethod as described in claim 19, wherein the flue gas effluent stream 

2 has a final sulfiir dipxide concentration of less than 100 ppm by weight. 
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21. The method as described in claim 19, wherein the fij^e^as effluent stream 
has a final sulfur dioxide concentration of less than 1% of the^e gas initial sulfur dioxide 
concentration. 

22. The method as described m claim wherein N is equal to 4. 

23. The method as described\ip^ayai 22, wherein the N-3 aqueous ammonia 
liquor stream has an ammonia concenrfati^ of about 30 to about 55% by weight. 

24. The method as^scribed in claim 22, wherein the N-2 aqueous ammonia 
liquor stream has an amiqetfiia concentration of about 12 to about 22% by weight. 

25. The lifethod as described in claim 22, wherein the N-1 aqueous ammonia 
liquor stream has an ammonia concentration of about 5 to about 10% by weight. 

26^ The method as described in claim 22, wherein the Nth aqueous ammonia 
liqup^ stream has an ammonia concentration of about 0.5 to about 1.1%. 

27. A multistage scrubber for removing sulfur dioxide fi-om flue gas cpf!$rising: 

(a) a vertically-oriented shell, the shell having anppiJer end and a lower 
end, the shell further haying a flue gas entry port and fhp^^ exit port, the shell further 
having an interior cavity, a vertical axis, and an ipt^or surface; 

(b) N nimiber of liqtrfa distributor headers within the interior cavity of 
the shell, so located such th^Hfie liquid distributor headers are capable of receiving fluid, 
wherein N is great^^Sian 1 and wherein the liquid distribution headers are numbered fi-om 1 



8 toN; 
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9 (c) a plurality of liquid distributors, the liquid distributors yin fluid 

10 communication with the liquid distributor headers and capable of distributing flmd from the 

1 1 liquid distributor headers to the interior cavity of the shell; / 

12 (d) N-1 number of scrubber stage separators number^ 2 to N along the 

13 vertical axis, each of the scrubber stage separators located in /a plane substantially 

14 perpendicular to the vertical axis, each scrubber stage separator having an upper surface; 

15 (e) a pluraUty of fluid exit ports, eacl/ fluid exit port capable of 

16 withdrawing liquid from the upper surface of a particular scrubber stage separator; 

17 (f) N number of stages numbered 1 to N wherein each of the stages 



18 numbered 2 to N comprise the correspondingly >numbered liquid distribution header, the 

19 correspondingly numbered scrubber stage sen^ator, and at least one of the fluid exit ports 

20 and stage 1 comprises the correspondinglVnumbered liquid distribution header and at least 



21 one fluid exit port; and / 

22 (g) a scrubber ^product line, the scrubber product line capable of 

23 removing fluid from the multistage scrubber. 

1 28. The multistage scrubber of claim 27 further comprising packing, the packing 

2 arranged within the interior cavity of the shell, the packing located above at least one of the 

3 scrubber stage separators. 

1 29. Th/ multistage scrubber of claim 28, wherein the packing is wire gauze 

2 packing. / 

1 30./ The multistage scrubber of claim 28, wherein the packing has a pressure 

2 drop of less than 0.5 inches of water/foot of packing height. 
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1 31. The multistage scrabber of claim 28, wherein packing is cjaimprised of 

2 austenetic stainless steel. 

1 32. The multistage scrubber of claim 28, wherein the interio/ surface of the shell 

2 is comprised of rubber, glass, epoxy, stainless steel, zirconium, or Hastelloy C276. 

1 33. The multistage scrubber of claim 27 further comprising a Hquid repository, 

2 the liquid repository located within the interior cavity of th^ shell at the lower end of the 

3 shell. 

1 34. The multistage scrubber of claim ^27, wherein the liquid distributors 

2 comprise nozzles. 

1 35. The multistage scrubber of «^aim 27, wherein the liquid distributors 

2 connected to the hquid distributor heaaer of scrubber stage 1 comprise nozzles. 

1 36. The multistage scrubber>6f claim 27, wherein each of the liquid distributor 

2 headers are perpendicular to the verticfal axis of the shell. 

1 37. The multistage scrabber of claim 27 further comprising: 

2 N-1 number ofianks numbered from 2 to N, each tank having an interior 

3 surface and further having/a fluid discharge port, each tank in fluid communication with 

4 the correspondingly numbered liquid distributor header; and 

5 N number of liquor removal lines numbered from 1 to N, each of N Uquor 

6 removal lines comiected to the correspondingly numbered stage through at least one fluid 

7 exit port, sum that a fluid path exists through each correspondingly numbered liquor 

8 removal Ime into the correspondingly numbered tank. 
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1 38. The multistage scrubber of claim 37, wherein the interior surface of each of 

2 the tanks is comprised of stainless steel, epoxy, rubber, or Hastelloy. / 
1 39. The multistage scrubber of claim 37 further comprising: / 

1 N number of water lines numbered 1 to N, each/water line capable of 

3 providing fluid to the correspondingly numbered liquid distributor header; 

4 N number of ammonia headers numbered / to N, each ammonia header 

5 capable of providing fluid to the correspondingly numbeced liquid distribution header, 

1 40. The multistage scrubber of claim 27 fiirther comprising: 

2 N-1 number of drain headers, xvhere each drain header is capable of 

3 transferring fluid between a selected stage ancLdt least one other stage. 

1 41. The multistage scrubber ofixlaim 40, wherein each of the drain headers is 

2 capable of transferring fluid from a se?lected stage and a lower numbered stage than the 

3 selected stage. / 

1 42. The multistage Scrubber of claim 40, wherein the drain headers are 

2 numbered 2 to N-1, and furtlw wherein n is an integer counter having a value of between 2 

3 and N-1 (2, 3, 4...N-l)yaurther wherein the n numbered drain header is capable of 

4 transferring fluid from tne n numbered stage to the n-1 numbered stage. 

1 43. The inultistage scrubber of claim 40 further comprising a liquid repository, 

2 the liquid repository located within the interior cavity of the shell at the lower end of the 

3 shell, and wherein the drain headers are numbered 2 to N-1 and further wherein n is an 

4 integer coimter having a value between 3 and N-1 (3, 4, 5. ..N-1), further wherein the n 

5 numbepd drain header is capable of transferring fluid from the n numbered stage to the n-1 

/ 
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6 numbered stage, further wherein the number 2 drain header is capable of taaisferring fluid 

7 from the number 2 stage to the Hquid repository. y< 

1 44. A multistage scrubber for removing sulfur dip?Me from flue gas comprising 

2 steps a-g from claim 27. y< 

3 45 . The multistage scrubber of claipr^4, wherein each packing set is supported. 

1 46. The multistage scrubbei^^ claim 44, wherein the packing is wire gauze 

2 packing. j< 

1 47. The multisj^ scrubber of claim 44, wherein the packing has a pressure 

2 drop of less than 0.5,^hes of water/foot of packing height. 

1 48. >^he multistage scrubber of claim 44, wherein packing is comprised of 

2 austengfic stainless steel. , 

1 49. A process for manufacturing thiosulfate conwising: 

2 (a) providing a reactor feed stream comprising ammonium sulfite or 

3 ammonium bisulfite; / 

4 (b) flowing the reactor feed stream through a fluidized bed reactor 

5 containing solid sulfur; / 

6 (c) contacting the reactor feed stream with ammonia; and 

7 (d) reacting the profluaMjpetf^stream, sulfur, and ammonia to form a 

8 thiosulfate product stream. \ 

1 50. The process acconding to claim 49, wherein step (d) is performed at a 

2 reaction temperature of less thanr 243 °F. 

1 51. The process according to claim 49, wherein the solid sulfur is in pellet form. 
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1 52. The process according to claim 49, wherein the fluid velocity of the reactor 

2 feed stream through the fluidized bed of sulfur is less than 2 inches per second. 

1 53. The process according to claim 52, wherein the fluid velocity of the reactor 

2 feed stream through the fluidized bed of sulfur is less than 1 .SAnches per second. 

1 54. The process according to claim 49, further Comprising: 

2 adding a molten sulfur make-up streanyio the fluidized bed of sulfur. 

1 55. The process according to claim 54/wherein the step of adding a molten 

2 sulfur make-up stream to the fluidized bed of sylfur is performed by spraying the molten 

3 sulfur through a nozzle. 

1 56. The process according tcyQlajln 49, wherein the concentration of ammonium 

2 bisulfite in combination with ammonium Arffi^e in the thiosulfate product stream is less than 

3 1%. 

1 57. The process according to claim 56, wherein the concentration of ammonium 

2 bisulfite in combination with amir]Onium sulfite in the thiosulfate product stream is less than 

3 0.1%. 

1 58. The process according to claim 49, wherein concentration of dissolved solids 

2 in the thiosulfate product stream is greater than 55%. 

1 59. The procjess according to claim 49, further comprising after step (d): 

2 (e) removing a portion of the water from the thiosulfate product stream to 

3 form a discharge licfuid. 

1 60. Tfio process according to claim 59, wherein the step of removing water from 

2 the thiosulfate^/f)roduct stream is accompUshed by the use of a flash evaporator or quencher. 
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1 61. The process according to claim 59, further comprising: 

2 (f) cooUng the discharge Uquid. / 

1 62. A thiosulfate reactor system comprising: / 

2 a fluidized bed reactor, the fluidized bed/eactor having an interior cavity, an 

3 interior surface, an exterior surface, a circumference, af bottom portion, and an upper portion; 

4 a bed of soUd sulfur, the bed of iolid sulfur being contained within the 

5 interior cavity of the fluidized bed reactor; / 

6 a reactor feed stream, the reactor feed stream being connected to the bottom 

7 portion of the fluidized bed reactor such mat the fluid is capable of flowing from the 

8 thiosulfate supply line to the interior cavity of the fluidized bed reactor; 

9 an ammonia feed line,/ the ammonia feed line being connected to the 

10 fluidized bed reactor such that fluM^apable of flowing from the ammonia feed line to the 

1 1 interior cavity of the fluidized bed raa(^p 

12 a sulfur feed line, tne sulfur feed line being connected to the upper portion of 

13 the fluidized bed reactor such that fluid is capable of flowing from the sulfur feed line to the 

14 interior cavity of the fluidizedT^ed reactor; and 

15 a thiosulfat(& product line, the thiosulfate product line connected to the 

16 fluidized bed reactor sucn that fluid may be removed from the fluidized bed reactor. 

1 63. The thi/sulfate reactor system of claim 62, wherein the bed of soUd sulfur 

2 comprises sulfur pellets. 

1 64. Thi thiosulfate reactor system of claim 62, wherein the bed of soUd sulfur is 

2 at a temperatureAf less than 243 °F. 
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1 65 . The thiosulfate reactor system of claim 62, wherein me interior surface of the 

2 fluidized bed reactor is comprised of stainless steel, ep^y, rubber, or Hastelloy. 

1 66. The thiosulfate reactor system of claim 62/wherein the upper end of the 

2 fluidized bed reactor is an expanded section. / 

1 67. The thiosulfate reactor system of claim/o2, further comprising: 

2 a cooling jacket, external cooler/or internal coils, the cooling jacket, 

3 extemal cooler or internal coil disposed, such/hat the cooling jacket, external cooler or 

4 internal coil is capable of cooling the bed o&solid sulfur. 

1 68. The thiosulfate reactor svjftem of claim 67, wherein the cooling jacket is 

2 capable of circulating brine, reMgeranb4)r cooUjag water. 

1 69. The thiosulfate reactor s^tem of claim 62, further comprising a flash 

2 evaporator or quencher, the flajwi evaporator or quencher connected to the thiosulfate 

3 product line such that the flasla evaporator or quencher is capable of removing water from 

4 the thiosulfate product line. / 

1 70. A thiosulfate production system comprising: 

2 (a) k vertically-oriented shell, the shell having an upper end and a lower 

3 end, the shell further having a flue gas entry port and flue gas exit port, the shell further 

4 having an interiorycavity, a vertical axis and an interior surface, and a diameter; 

5 m) N number of Uquid distributor headers within the interior cavity of 

6 the shell, so focated such that the liquid distributor headers are capable of receiving fluid, 

7 wherein Nyis greater than 1 and wherein the liquid distribution headers are nimibered from 1 

8 toN; / 
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9 (c) a plurality of liquid distributors, the liquid distributors in fluid 

10 communication with the Uquid distributor headers and capaWfe of distributing fluid from the 

1 1 liquid distributor headers to the interior cavity of the shell/ 

12 (d) N-1 number of scrubber stage /separators numbered 2 to N, along 

13 the vertical axis, each of the scrubber stage separators located in a plane substantially 

14 perpendicular to the vertical axis, each scrubber /tage separator having an upper surface; 

15 (e) a plurahty of fluid exat ports, each fluid exit port capable of 

16 withdrawing liquid from the upper surface ox a particular scrubber stage separator; 

17 (f) N number offstage/ numbered 1 to N, wherein each of the stages 

18 numbered 2 to N comprise the corre^pondmfity numbered liquid distribution header, the 

19 correspondingly numbered scrubber ysia]^ separator, and at least one of the fluid exit 

20 ports, and stage 1 comprises the con-espondingly numbered liquid distributor header and 

21 at least one fluid exit port; / 

22 (g) a scrubber product line, the scrubber product line capable of 

23 removing fluid from the multistage scrubber; 

24 (h) a fluiaized bed reactor, the fluidized bed reactor having an interior 

25 cavity, an interior surface; an exterior surface, a circumference, a bottom portion and an 

26 upper portion; / 

27 (i) /a bed of solid sulfur, the bed of soUd sulfiir being contained within 

28 the interior cavity oy the fluidized bed reactor; 

29 (j) / a reactor feed stream, the thiosulfate supply line being connected 

30 to the scrubber dtoduct line and to the bottom portion of the fluidized bed reactor such 
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3 1 that the fluid is capable of flowing from the scrubber product lijie through the reactor 

32 feed hne to the interior cavity of the fluidized bed reactor; 

33 (k) an ammonia feed line, the ammonia fj^ed line being connected to 

34 the fluidized bed reactor such that fluid is capable of flowijig from the ammonia feed line 

35 to the interior cavity of the fluidized bed reactor; 

36 (1) a sulfiir feed Une, the sulfiir fead line being connected to the upper 

37 portion of the fluidized bed reactor such that fluid /s capable of flowing from the sulfur 

38 feed line to the interior cavity of the fluidized bed/reactor; and 

39 (m) a thiosulfate product line/ the thiosulfate product Une connected to 

40 the fluidized bed reactor such that fluid maftO^Q^removed from the fluidized bed reactor. 

1 71. The multistage scrubber of cMim'S^O^ftfrther comprising packing, the packing 

2 arranged within the interior cavity of tl)6 ^^1, the packing located, above at least one 

3 scrubber stage separator. 

1 72. The multistage scrubyer of claim 71, wherein the packing is wire gauze 

2 packing. 

1 73. The multistage sofubber of claim 71, wherein the packing has a pressure 

2 drop of less than 0.5 inches of water/foot of packing height. 

1 74. The multistage scrubber of clahn 71, wherein packing is comprised of 

2 austenetic stainless steel. 

1 75. The multistage scrubber of claim 70, wherein the interior surface of the shell 

2 is comprised of rubber glass, epoxy, stainless steel, zirconium, or Hastelloy C276. 
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1 76. The multistage scrabber of claim 70, further comprising a liquid repository, 

2 the liquid repository located within the interior cavity of the sh^l at the lower end of the 

3 shell. 

1 77. The multistage scrubber of claim 70, )^herein the hquid distributors 

2 comprise nozzles. 

1 78. The multistage scrubber of claim ^0, wherein the Hquid distributors 

2 connected to the liquid distributor header of scrubber stage 1 comprise nozzles. 

1 79. The multistage scrubber of claim 70 further comprising: 

2 N-1 number of tanks numbereo from 2 to N, each tank having an interior 

3 surface and further having a fluid discharg^^port, each tank in fluid communication with 

4 the correspondingly numbered liquid cfismbutor he^r; and 

5 N number of liquor renAvapimes numbered from 1 to N, each of the N 

6 liquor removal lines connected to the correspondingly numbered stage through at least 

7 one fluid exit port, such that a fluid path Vxists through each correspondingly numbered 

8 liquor removal line, into the correspondingly numbered tank. 

1 80. The multistage scrubber of claim 79, wherein the interior surface of each of 

2 the tanks is comprised of staimess steel, epoxy, rubber, or Hastelloy. 

1 81. The multistage scrubber of claim 79 further comprising: 

2 N numbe/ of water lines numbered 1 to N, each water line capable of 

3 providing fluid to the correspondingly numbered liquid distributor header; and 

4 N number of ammonia headers numbered 1 to N, each ammonia header 

5 capable of providing fluid to the correspondingly numbered liquid distributor header. 
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1 82. The multistage scrabber of claim 81, wherein /ach of the drain headers is 

2 capable of transferring fluid from a selected stage to a \pv/ev numbered stage than the 

3 selected stage. 

1 83. The multistage scrubber of claim J^l, wherein the drain headers are 

2 numbered 2 to N-1, and fiirther wherein n is an integer counter having a value of between 2 

3 and N-1 (2, 3, 4... N-1), further wherein the/n numbered drain header is capable of 

4 transferring fluid from the n nimibered stage t(5 the n-1 numbered stage. 

1 84. The multistage scrubber of ^laim 81, fiirther comprising a liquid repository, 

2 the liquid repository located within the mterior cavity of the shell at the lower end of the 

3 shell, and wherein the drain headers yOre nimibered 2 to N-1 and further wherein n is an 

4 integer counter having a value beween 3 and N-1 (3, 4, 5...N-1), fiarther wherein the n 

5 numbered drain header is capable/of tpl^ferring fluid from the n numbered stage to the n-1 

6 numbered liquid, further whereiii^the^umber 2 drain header is capable of transferring fluid 

7 from the number 2 stage to the liquid repository. 

1 85. The thiosul/ate reactor system of claim 70, wherein the bed of solid sulfur 

2 comprises sulfur pellets. 

1 86. The thiosulfate reactor system of claim 70, wherein the bed of solid sulfur is 

2 at a temperature of less than 243 °F. 

1 87. Th^hiosulfate reactor system of claim 70, wherein the interior surface of the 

2 fluidized bed realtor is comprised of stainless steel, epoxy, rubber, or Hastelloy 

1 88. Jhe thiosulfate reactor system of claim 70, wherein the upper end of the 

2 fluidized bed/eactor is an expanded vapor section. 
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1 89. The thiosulfate reactor system of claim 70, furaier comprising: 

2 a cooling jacket, extemal cooler, or internal coils, the cooling jacket, 

3 extemal cooler or internal coil disposed, such that the cooling jacket, extemal cooler or 

4 internal coil is capable of cooling the bed of solid siflfiir. 

1 90. The thiosulfate reactor system of/claim 89, wherein the cooling jacket is 

2 capable of circulating brine, refrigerant, or cooling water. 

1 91. The thiosulfate reactor system of claim 89, further comprising a flash 

2 evaporator or quencher, the flash evaporator or quencher connected to the thiosulfate 

3 product line such that the flash evaporator or quencher is capable of removing water from 

4 the thiosulfate product line. \ A 

1 92. A method for manufa^J^fi^ thiosulfate from a flue gas stream, the flue gas 

2 stream having an initial sulftir diox/de'concentration, comprising the following steps: 

3 (a) contacting the flue gas stream with a plurality of aqueous anmionia 

4 liquor streams; / 

5 (b) formmg a scmbber product stream scmbber product stream 

6 comprising ammonium bisulfite and ammonium sulfite; 

7 (c) flowing the scmbber product stream through a fluidized bed reactor 

8 containing solid sulfiiK and 

9 (d) ccmtacting the reactor feed stream with ammonia; and 

10 (e) reacting the scmbber product feed stream, sulfiir and ammonia to form 

1 1 a thiosulfate product stream. 

1 93. Wat method as described in claim 92 fiirther comprising: 
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2 forming each of the aqueous ammonia Hquor streams by combining a 

3 water stream and an ammonia stream. / 

1 94. The method as described in claim 92, wherein e^h of the aqueous ammonia 

2 Hquor streams has a pH of between 5.0 and 6.0. / 

1 95. The method as described in claim 94, wh^ein each of the aqueous ammonia 

2 liquor streams has a pH of between 5.4 and 5.8. / 

1 96. The method of claim 92, whereiii/contacting the flue gas stream with a 

2 plurality of aqueous ammonia Hquor streams is accomplished through the use of Hquid 

3 distributors. / 

1 97. The method of claim 96, v^erein the Hquid distributors are nozzles. 

1 98. The method as described in claim 92, wherein the total dissolved soHds of 

2 the scrubber product stream are 50 to about 90% ammonium bisulfite, by weight. 

1 99. The method as M^^^^Hi^lai^ 92, wherein the total dissolved soHds of 

2 the scrubber product stream ar/about 5 to about 45% sulfite, by weight. 

1 100. The method /as desdribed in claim 92, fiorther comprising after contacting the 

2 flue gas stream with a pluraHty number of aqueous ammonia liquor streams: 

3 producing a flue gas effluent stream, the flue gas effluent stream having a 

4 final sulfixr dioxide ^concentration. 

1 101. The method as described in claim 100, wherein the flue gas effluent stream 

2 has a final sulfur dioxide concentration of less than 100 ppm by weight. 
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1 102. The method as described in claim 100, wherein the flue gas effluent stream 

2 has a final sulfur dioxide concentration of less than 1% of the/flue gas initial sulfur dioxide 

3 concentration. / 

1 103. The process according to claim 92, wherein step (e) is performed at a 

2 reaction temperature of less than 243 °F. / 

1 1 04. The process according to claim 92, wherein the solid sulfur is in pellet form. 

1 105. The process according to claim 8*2, wherein the fluid velocity of the reactor 

2 feed stream through the fluidized bed of sulfur is less than 2 inches per second. 

1 106. The process according to claim 105, wherein the fluid velocity of the reactor 

2 feed stream through the fluidized bed of^ulfur is less than 1 .5 inches per second. 

1 1 07. The process accordinyt^x;la™r^2, further comprising: 

2 adding a molten sulfur maRe-vb^tt^am to the fluidized bed of sulfur. 

1 108. The process according tJ* claim 107, wherein the step of adding a molten 

2 sulfur make-up stream to th^ fluidized bed of sulfur is performed by spraying the molten 

3 sulfur through a nozzle. / 

1 109. The proQ^ess according to claim 92, wherein the concentration of ammonium 

2 bisulfite in combination with ammonium sulfite in the thiosulfate product stream is less than 

3 1%. / 

1 110. The process according to claim 109, wherein the concentration of 

2 ammonium bisulfite in combination with ammonium sulfite in the thiosulfate product 

3 stream is le/s than 0. 1 %. 
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1 111. The process according to claim 92, wherein concmtration of dissolved solids 

2 in the thiosulfate product stream is greater than 55%. . / 

1 1 12. The process according to claim 92, further /omprising after step (d): 

2 (e) removing a portion of the water from the thiosulfate product stream to form a 

3 discharge liquid. / 

1 113. The process according to claim 112, wherein the step of removing water 

2 from the thiosulfate product stream is accomplished by the use of a flash evaporator or 

3 quencher. / 

1 114. The process according to claim 113, further comprising: 

2 (f) cooling the dischargVwt}mj^ 

1 115. A method for manufafcrar^ a scrubber product stream comprising 

2 ammonium sulfite or ammonium bisumte comprising: 

3 (a) providing a multistage scrubber for removing sulfur dioxide from 



4 flue gas comprising a vertically-driented shell, the shell having an upper end and a lower 

5 end, the shell further having a/flue gas entry port and flue gas exit port, the shell further 

6 having an interior cavity, a /vertical axis, and an interior surface; N number of liquid 

7 distributor headers within me interior cavity of the shell, so located such that the liquid 

8 distributor headers are capable of receiving fluid, wherein N is greater than 1 and wherein 

9 the liquid distribution headers are numbered from 1 to N; a plurality of liquid distributors, 

10 the liquid distributors m fluid communication with the liquid distributor headers and capable 

1 1 of distributing fluid jcom the liquid distributor headers to the interior cavity of the shell; N-1 

12 number of scrubb^ stage separators numbered 2 to N along the vertical axis, each of the 
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13 scrubber stage separators located in a plane substantially perpendicular to the vertical axis, 

14 each scrubber stage separator having an upper surface; a plurality of fluid exit ports, each 

15 fluid exit port capable of withdrawing hquid from the uppei/surface of a particular scrubber 

16 stage separator; N number of stages numbered 1 to N wherein each of the stages numbered 

17 2 to N comprise the correspondingly numbere^ liquid distribution header, the 

18 correspondingly numbered scrubber stage separator/and at least one of the fluid exit ports 

19 and stage 1 comprises the correspondingly numbered liquid distribution header and at least 

20 one fluid exit port; a scrubber product line, thof scrubber product line capable of removing 

21 fluid from the multistage scrubber; / 

22 (b) supplying a flue gas stream comprising sulfur dioxide; 

23 (c) supplying an ammonia^tream; 

24 (d) supplying a v/^t'^feam; and 

25 (e) reacting the/water stream, ammonia stream and sulfur dioxide 

26 within the multistage scrubber lo form a scrubber product stream, the product stream 

27 comprising ammonium sulfiteyor ammonium bisulfite. 

1 116. A method fpr manufacturing a thiosulfate product stream comprising 

2 ammoniimi thiosulfate comprising: 

3 (a) p/oviding a thiosulfate reactor system comprising a fluidized bed 

4 reactor, the fluidized bed reactor having an interior cavity, an interior surface, an exterior 

5 surface, a circumfepnce, a bottom portion and an upper portion; a bed of solid sulfur, the 

6 bed of solid sulfur being contained within the interior cavity of the fluidized bed reactor; 

7 a reactor feed stream, the reactor feed stream being connected to the bottom portion of 
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8 the fluidized bed reactor such that the fluid is capable of flmving from the reactor feed 

9 stream to the interior cavity of the fluidized bed reactor an ammonia feed Hne, the 

10 ammonia feed Une being connected to the fluidized bedyreactor such that fluid is capable 

1 1 of flowing from the ammonia feed line to the interior /avity of the fluidized bed reactor; a 



12 sulfur feed line, the sulfur feed line being connected to the upper portion of the fluidized 

13 bed reactor such that fluid is capable of flowing from the sulfur feed line to the interior 

14 cavity of the fluidized bed reactor; and a thio/ulfate product line, the thiosulfate product 

15 line connected to the fluidized bed reacto/ such that fluid may be removed from the 

16 fluidized bed reactor; y 



1 7 (b) supplying an ammonium fti^lfite or ammonium sulfite stream; 

1 8 (c) supplying a sulfur stream; \ 

19 (d) supplying an animonia stream; and 

20 (e) reacting the sulfur stream, ammonia stream and ammonium bisulfite or 

21 ammonium sulfite stream within the thiosulfate reactor system to form a thiosulfate 

22 product stream comprisingNmmio thiosulfate. 

1 117. A method for manufacturing a thiosulfate product stream comprising 

2 ammonium thiosulfate'^ comprising: 

3 (a) prowding a multistage scrubber for removing sulfur dioxide from flue gas 

4 comprising a vemcally-oriented shell, the shell having an upper end and a lower end, the 

5 shell further ha\^ing a flue gas entry port and flue gas exit port, the shell further having an 

6 interior cavity, a vertical axis, and an interior surface; N number of liquid distributor headers 

7 within the interior cavity of the shell, so located such that the liquid distributor headers are 
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capable of receiving fluid, wherein N is greater than 1 and wherein tWe liquid distributioij 
headers are numbered from 1 to N; a plurality of liquid distributorsyme liquid distributors in 
fluid communication with the liquid distributor headers and capable of distributing fluid 
from the liquid distributor headers to the interior cavity of the /Shell; N-1 number of scrubber 
stage separators numbered 2 to N along the vertical ^is, each of the scrubber stage 
separators located in a plane substantially perpendicular to the vertical axis, each scrubber 
stage separator having an upper surface; a plurality or fluid exit ports, each fluid exit port 
capable of withdrawing Hquid from the upper /urface of a particular scrubber stage 
separator; N number of stages numbered 1 to N wherein each of the stages numbered 2 to N 
comprise the correspondingly numbered ^<^a^ distribution header, the correspondingly 
numbered scrubber stage separator, and aji^lea3t\)ne of the fluid exit ports and stage 1 
comprises the correspondingly numbered^ liquid distribution header and at least one fluid 
exit port; a scrubber product line, the grubber product line capable of removing fluid from 
the multistage scrubber; 

(b) providing a thiosulfate reactor system comprising a fluidized bed reactor, 
the fluidized bed reactor having an interior cavity, an interior surface, an exterior surface, 
a circumference, a bottom portion, and an upper portion; a bed of solid sulfiir, the bed of 
solid sulfiir being containj6d within the interior cavity of the fluidized bed reactor; a 
reactor feed stream, the reactor feed stream being coimected to the scrubber product line 
and bottom portion of me fluidized bed reactor such that the fluid is capable of flowing 
from the scrubber product line through the reactor feed stream to the interior cavity of the 
fluidized bed reactor; an ammonia feed line, the ammonia feed line being connected to 
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30 the fluidized bed reactor such that fluid is capable of flowing ftcm the ammonia feed hne 

31 to the interior cavity of the fluidized bed reactor; a sulfur/reed line, the sulfur feed line 

32 being connected to the upper portion of the fluidized beia reactor such that fluid is capable 

33 of flowing from the sulfur feed line to the interior cavity of the fluidized bed reactor; and 

34 a thiosulfate product line, the thiosulfate product line connected to the fluidized bed 

35 reactor such that fluid may be removed fropkhe fluidized bed reactor; 

36 (c) supplying a flue gas stream ^mpri^^ dioxide; 

37 (d) supplying a first ammonia/st^^n]^ 
Q 38 (e) supplying a water stream; \ 

5 39 (f) reacting the water slream, the first ammonia stream and sulfur dioxide 

W 40 within the multistage scrubber to form a scrubber product stream, the product stream 

41 comprising ammonium sulfite px ammonium bisulfite; 

42 (g) supplying a smfur stream; 

S 43 (h) supplying ar second ammonia stream; and 

H 44 (i) reacting me sulfur stream, the second ammonia stream, and the scrubber 

45 product stream within/the thiosulfate reactor system to form a thiosulfate product stream 

46 comprising anmionium thiosulfate. 



HOU02:799842.7 



